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A broadband capacitive electrostatic acoustic transducer (ESAT) has 
been developed for ultrasonic measurements in liquid environments [1]. 
We have used this device to calibrate the particle displacement 
amplitudes of a Panametrics 500 KHz Damped Transducer and to determine 
its absolute sensitivity as a function of frequency. 
THE ESAT 
The mechanical features of the ESAT are covered in detail [1,2] 
elsewhere. For completeness, we briefly describe the mechanical, 
electrical, and acoustical features here. 
Mecbanical Features 
The functional components of the ESAT are shown in Fig. 1. A 
metallic membrane is stretched across a brass housing and is held in 
place with a retainer ring. A central (1/2 inch diameter) electrode, 
suspended approximately l~ below the membrane, is mounted on a flat of 
plate glass for electrical isolation and mechanical stability. The 
spacing between the membrane and the central electrode is pneumatically 
controlled by changing the air pressure within the ESAT, using a sealed, 
external bellows. The pressure is monitored with apressure sensor, 
with a sensitivity of 10- 4 psig. 
Electrical Features 
As an ultrasonic incident wave impinges on the membrane, it causes 
a variation of the gap spacing at the frequency of the ultrasonic wave. 
When the central electrode is DC biased with a voltage Vb, a 
displacement of the membrane develops an AC signal at the same frequency 
of the ultrasonic wave. Consider the membrane displacement to be 
represented by 
Tl = Tlosinu>/. (1) 
where ~ = membrane displacement and ~o is the amplitude. The ESAT is 
essentially a parallel plate capacitor whose plate area is A, and whose 
plate separation distance is SO' The gap spacing can be represented by 
S = So + Tlosin U>/. (2) 
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Fig. 1. Mechanical Diagram of the ESAT. 
where So is the quiescent gap spacing. The DC bias voltage is obtained 
from a battery connected in series with a 1 megohm resistor between the 
membrane and the central electrode. We assume, therefore, that the 
charge separation is essentially constant. Under these conditions, an 
AC voltage of amplitude v is developed by the membrane displacement. 
( Tlo) , V-Vb So Sill wl, (3) 
which is in agreement with previous work[l). 
we can determine Tlo. 
By measuring v. Vb' and S 0' 
Acoustjca] Features' The Membrane 
A compressional ultrasonic wave is launched from the piezoelectric 
transducer, which is axially aligned with the ESAT. As the wave 
impinges upon the membrane, a portion is transmitted through the 
membrane, Yost and Cantrell have shown [2) that the membrane 
displacement amplitude, Tl., can be written as 
21;0 
where 
1;0= particle displacement amplitude of the impinging wave, 0 = areal 
density of the membrane, p = density of the liquid, and c = 
compressional wave velocity of the liquid. 
(4) 
Therefore, absolute measurement of Tlo makes it possible to determine 1;0. 
the particle displacement amplitude of the ultrasonic wave. 
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EXPERIMENTAL SETUP 
The experimental setup of the ESAT is shown in Figure 2. 
Adjustments were made to assure that the transducer, membrane and 
central electrode were axially aligned, parallel, and level. The gap 
capacitance was set so that the membrane was flat while the ESAT was in 
operation. Apressure bias was added to compensate for the electrical 
attraction between the central electrode and membrane. Throughout the 
measurement, the gauge pressure was held constant to assure proper gap 
spacing. 
The function generator was set for a long tone burst (greater than 
20 cycles) at the desired frequency and its output was amplified by a 
linear amplifier and applied to the piezoelectric transducer. The 
transducer-generated acoustic wave traversed the water and impinged on 
the membrane whose vibration caused an output voltage that was amplified 
by the line driver-preamp and displayed on the oscilloscope. To measure 
this voltage the ESAT was disconnected and the Signal Substitution Box, 
which had the same electrical characteristics as the ESAT, was connected 
to the line driver-preamp-oscilloscope system. A signal generator was 
set at the same frequency as the acoustic wave and its voltage was 
adjusted until the amplitude displayed on the oscilloscope was the same 
as the amplitude displayed from the ESAT. An RF voltmeter was used to 
measure the voltage to the substitutional circuit. This substitutional 
voltage then has the same amplitude as the voltage amplitude generated 
by the ESAT. 
DATA AND RESULTS 
While holding the frequency constant, aseries of measurements of 
membrane displacement amplitudes were made as the drive voltage to the 
transducer was varied. This process was repeated for 13 different 
frequencies, chosen to span the range of maximum transducer sensitivity. 
A typical plot of one series is shown in Figure 3. The tone burst 
frequency for this plot is 450 KHz. 
From the membrane displacement data, the particle displacement 
amplitude data was determined, using the results of Eq. (4), and the 
fact that the areal density for the membrane was 9.82±0.16 x 10- 3 
gm/cm2 . A typical plot of the particle displacement amplitude vs. 
transducer drive voltage is shown in Figure 4. As in the earlier plot, 
the drive frequency was 450 KHz. 
The sensitivity at a frequency is the slope of a least squares line 
fit to the data, and is determined from the series of measurements at 
each frequency. The sensitivity for each of the measured frequencies is 
plotted against frequency as shown in Figure 5. From this plot, we find 
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Fig. 3. A plot of membrane displacement amplitude vs. voltage applied 
to the transducer. 
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that the transducer's center frequency is 426 KHz and the bandwidth (3dB 
points) is 346 KHz. The maximum sensitivity is 3.l0±0.07 x 10- 1 
angstroms/volt (peak to peak) applied to the transducer. 
CONCLUSIONS 
The ESAT is capable of measuring the absolute displacement 
amplitudes of ultrasonic waves in water by considering the electrical 
characteristics of the ESAT and the acoustic characteristics of its 
membrane. The transducer used for this study (A Panametrics 500 KHz 
transducer) has a maximum sensitivity of 3.l0±0.07 x 10- 1 angstroms/Vp-p 
and a bandwidth of 346 KHz (at the 3dB points). 
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Fig. 4. A plot of particle displacement amplitude vs. voltage applied 
to the transducer. 
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Fig. 5. A plot of transducer sensitivity vs. frequency for a damped 500 
KHz transducer. 
With the ESAT it is possible to make absolute measurements of 
particle displacement amplitudes to an accuracy of better than 4%. From 
these measurements, other quantities, such as energy density and 
pressure amplitudes can be determined. 
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